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MEMORY CONTROL DEVICE AND METHOD FOR 
CONTROLLING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATION 

This application relates to and claims 
priority from Japanese Patent Application No. 2003- 
428624, filed on December 25, 2003, the entire 
5 disclosure of which is incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a technique 
10 for controlling writing and reading of data from a 

upper device in a storage control device equipped with 
a plurality of disk drives. 

Description of the Related Art 

There are hitherto the transaction and 
15 database as principal applications of the storage 

control device such as a disk array system. In such 

applications severe requirements are thus imposed as 

regards high performance and high reliability. 

Therefore, the storage control device used for this 
20 application is equipped with a hard disk drive (HDD) 

with high performance and high reliability. As the HDD 

fully complying with the imposed requirements must be 



highly reliable as one of parts, it would be usually 
highly expensive. 

A technique for saving dissipation power of 
the disk array system equipped with such HDD's has been 
proposed. 

Such a technique is disclosed in, for 
example, JP-A-2000-293314 . 

However, such a technique of the prior art is 
not effective for the disk array system or storage 
control device used for the applications such as back- 
up, restore, archive and the like. 

SUMMARY OF THE INVENTION 

In order to solve the problems described 
above, the present invention has the following 
features . 

A upper device in the present invention 
comprises application programs, control programs, user 
interfaces, application interfaces and host bass 
adapters. Respective configurations and processing 
flow charts will be explained in paragraphs describing 
the mode for carrying out the invention. 

The storage control device according to the 
present invention comprises channel adapters, memories, 
disk adapters, a connecting device and a plurality of 
disk drives. 

The channel adapter is connected to the upper 
device so that the channel adapter provides a first 
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logical volume to the upper device and receives data 
which are sent from the upper device to the first 
logical volume. 

The memory is connected to the channel 
5 adapter and stores data exchanged between the memory 
and the upper device, control information concerning 
the data exchanged between the memory and the upper 
device, and the configuration information concerning 
the configuration of the storage control device. 

10 The disk adapter controls in a manner that 

data sent from the upper device to a first logical 
volume are read from the memory and written on the 
memory as data addressed to second logical volume 
corresponding to the first logical volume. The second 

15 logical volume is used as a region for storing the data 
in transmission and reception of the data between the 
channel adapters and the disk adapters. 

The connecting device is connecting between 
the channel adapters, memory and disk adapters. 

20 A plurality of disk drives are connected to 

the disk adapters so that the data to the second 
logical volume are written on the disk drives as data 
group having a redundant relation by controlling of the 
disk adapters. 

25 The channel adapter has processors to provide 

to the upper device a logical volume for control which 
is utilized when the configuration information in the 
memory is read by the upper device. The processor of 
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the channel adapter causes other second logical volume 
instead of the second logical volume to correspond to 
the first logical volume in response to a change-over 
indication issued from the upper device to the logical 
5 volume for control and causes to operate spindle motors 
of a plurality of disk drives on which data group 
corresponding to the second logical volume and having 
the redundant relation is written. 

The processor of the channel adapter causes 
10 to stop the spindle motors of a plurality of disk 

drives on which data group corresponding to the second 
logical volume to be changed in response to the change- 
over indication and having the redundant relation is 
written. 

15 The processor of the channel adapter judges 

whether spindle motors of the plurality of disk drives 
are operating or not, on which disk drives data group 
corresponding to the another second logical volume 
designated by the change-over indication and having the 

20 redundant relation is written, and if the spindle motor 
is operating, to cause the operation to continue, and 
if the spindle motor is not operating, to cause to 
operate the spindle motor of the plurality of disk 
drives on which data group corresponding to the another 

25 second logical volume and having the redundant relation 
is written. 

If one corresponding to the another second 
logical volume corresponding to the other first logical 



volume provided to the upper device exists in the 
plurality of disk drives on which data group 
corresponding to the second logical volume to be 
changed in response to the change-over indication and 
having the redundant relation is written, the processor 
of the channel adapter causes the operation of the 
plurality of disk drives to continue on which drives 
data group corresponding to the second logical volume 
to be changed in response to the change-over indication 
and having the redundant relation is written. 

If one corresponding to the other second 
logical volume corresponding to the other first logical 
volume provided to the upper device does not exist in 
the plurality of drives on which the data group 
corresponding to the second logical volume to be 
changed in response to the change-over indication and 
having the redundant relation, the processor of the 
channel adapter causes to stop the operation of a 
plurality of disk drives on which disk drives the data 
group corresponding to the second logical volume to be 
changed in response to the change-over indication and 
having the redundant relation is written. 

If the kind of command sent from the upper 
device to the logical volume for control is a write 
command, the processor of the channel adapter writes 
the content of the write command on the logical volume 
for control and judges the content of the write command 
to be the change-over indication. 
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In the case that the kind of the command sent 
from the upper device to the logical volume for control 
is a read command, the processor of the channel adapter 
judges the read command to be a configuration 
5 information, and reads the configuration information 
from the memory and send it to the upper device. 

In the case that a command sent from the 
upper device is the command addressed to the first 
logical volume, the processor of the channel adapter 
10 judges the command sent from the upper device to be a 

command concerning writing or reading of data, and also 
in the case that the command sent from the upper device 
is the command addressed to the logical volume for 
control, the processor judges the command sent from the 
15 upper device to be a command concerning the control 
information . 

Although the processor of the channel adapter 
performs various kinds of control in the above 
description, other control processor, for example, the 
20 processor of the disk adapter may preferably carry out 
the control the same as that described above. 
Moreover, it is preferable that the processor of the 
channel adapter and the processor of the disk adapter 
carry out the control the same as the control described 
25 above in cooperation with each other. 

More detailed configuration and processing 
flow chart will be explained in paragraphs of mode for 
carrying out the invention later. 



According to the present invention, the 
effective controlling method can be provided for disc 
array systems or storage control devices used for the 
applications as back-up, restore and archive. 

We intend to effect the back-up, restore and 
archive of data at a high speed in a short period of 
time in consideration of various elements such as 
increased capacity of data memorized in the storage 
control device, variety of kinds thereof and operations 
around the clock. Therefore, we contemplate the back- 
up, restore and archive using the storage control 
device equipped with HDD's as storage mediums for the 
field in which the back-up and restore of data and 
archive are carried out by tape drives, as well. In 
such applications, as large capacity is particularly 
required, the requirement imposed upon the storage 
control device is to provide great capacity of memory 
at much less expensive. 

In order to reply to the requirement, we 
intended to utilize the HDD using the serial ATA (S- 
ATA) as interconnection interface which has been used 
in less expensive desktop PC, at the sacrifice of the 
performance and reliability to some extent. 

As the HDD using fiber channel as 
interconnection interface is predetermined to be 
provided in the host computer operating as a server, 
the HDD is inherently designed to operate around the 
clock. In contrast herewith, as the HDD using S-ATA as 



interconnection interface is predetermined to be 
provided in the disk top PC and the like, the HDD is 
inherently designed to be used only a few hours every 
day. 

In the HDD using S-ATA as interconnection 
interface, therefore, the mean time between failures 
(MTBF) which is one index of reliability is in general 
designed to be shorter in comparison with the HDD using 
fiber channel as interconnection interface. According- 
ly, the HDD using S-ATA as interconnection interface is 
prone to failures in comparison with the HDD using 
fiber channel as interconnection interface, when the 
spindle motor of the HDD is always rotated as in the 
operation around the clock. 

On the other hand, it is unlikely that the 
access to the HDD as a storage medium always occurs in 
the application of the HDD to the back-up, restore and 
archive. In back-up or restore, for example, writing 
of data onto the storage control device would occur 
once or a few times a day, only when the back-up is 
obtained, and reading of data from the storage control 
device would occur very rarely, only when restoring. 
In the use of the archive, moreover, writing of data 
onto the storage control device would occur only when 
the archive is obtained, while reading of data from the 
storage control device would occur only when archived 
data are rarely referred. 

In the storage control device used for 
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applications of the back-up, restore and archive in 
this manner, the access to data of storage medium does 
not occur frequently so that it is effective for the 
spindle motor of the HDD having the data stored therein 
5 to stop in the case that no access to the data occurs 
evidently. 

Other objects, features and advantages of the 
invention will become apparent from the following 
description of the embodiments of the invention taken 
10 in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an example of the hardware 
configuration of the storage control device envisioned 
in the embodiment of the present invention; 
15 FIG. 2 is one example of the correspondence 

of the hardware configuration and logical configuration 
of the storage control device envisioned in the 
embodiment of the present invention; 

FIG. 3 is one example of the method for 
20 reading the configuration information by the logical 

configuration of the storage control device envisioned 
in the embodiment of the present invention; 

FIG. 4 is one example of configuration 
information table held in the storage control device of 
25 the embodiment according to the invention and used for 
managing correspondence between the numbers of the host 
logical volumes and the internal logical volumes; 
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FIG. 5 is one example of configuration 
information table held in the storage control device of 
the embodiment according to the invention and used for 
managing correspondence between the numbers of the ECC 
groups and the numbers of the internal logical volumes 
provided by the ECC groups; 

FIG. 6 is one example of flow chart of the 
program operating in the channel adapters of the 
embodiment according to the present invention; 

FIG. 7 is one example of the method for 
changing the correspondence between the host logical 
volume and the internal logical volume in the storage 
control device envisioned in the embodiment of the 
present invention; 

FIG. 8 is one example of flow chart for 
changing the correspondence between the host logical 
volume and the internal logical volume by the program 
operating in the channel adapter of the embodiment 
according to the present invention; 

FIG. 9 is one example of configuration 
information table held in the storage control device in 
the embodiment of the present invention and used for 
managing the correspondence between the numbers of the 
ECC groups including HDD having the rotating spindle 
motor and the numbers of the internal logical volumes 
included in the ECC groups; 

FIG. 10 is one example of configuration 
information table held in the storage control device of 



the embodiment according to the present invention and 
used for managing the correspondence between the 
numbers of the ECC groups including HDD having the 
rotating spindle motor and the numbers of the internal 
logical volumes included in the ECC groups; and 

FIG. 11 is one example of the method for 
reading the configuration information by the logical 
configuration of the storage control device envisioned 
of the embodiment according to the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

The control method for a disk array system 
without continuous operation of a spindle motor of HDD 
in consideration of the service life of the HDD using 
the S-ATA as an interconnection interface will be 
explained with reference to the drawings hereinafter. 

According to the aspect for carrying out the 
invention, it will be expected that the time until 
occurrence of fault, which is presumed by the MTBF, can 
be prolonged by performing the control for stopping the 
spindle motor of the HDD, in comparison with the case 
using the spindle motor of the HDD without its 
stoppage . 

FIG. 1 illustrates a configuration of the 
storage control device. Reference numeral 1-1 shows 
the storage control device and numeral 1-2 denotes a 
host computer connected to the storage control device. 
The storage control device 1-1 is equipped with a 
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plurality of channel adapters 1-3. Each of the channel 
adapters 1-3 has a port 1-4 through which the channel 
adapter 1-3 is connected to a host bus adapter (HBA) 1- 
5 equipped in the host computer by means of, for 
example, a fiber channel. 

The storage control device 1-1 is equipped 
with a plurality of hard disk drives (HDD) 1-6 as 
storage mediums. The storage control device 1-1 is 
further equipped with a plurality of disk adapters 1-7 
for controlling the plurality of HDD's 1-6. The disk 
adapters 1-7 each have a port 1-8 for connecting the 
HDD's, by means of which the disk adapters 1-7 are 
connected to the plurality of HDD's 1-6. The ports 1-8 
and the plurality of HDD's 1-6 are each connected by 
FC-A1 of fiber channel, fabric or parallel SCSI or ATA 
or S-ATA. 

The channel adapters 1-3 are each connected 
to the disk adapter 1-7 to each other through an 
interconnection portion 1-9 to which a shared memory 1- 
10 as well as a cache memory 1-11 are connected. The 
channel adapters 1-3 and the disk adapters 1-7 are each 
equipped with a microprocessor 1-12, 1-14 and a local 
memory 1-13, 1-15 in a pair. In the microprocessor 1- 
12 on the channel adapter 1-3, the program is executed 
for processing the command sent from the host computer 
1-2. In the microprocessor 1-14 on the disk adapter 1- 
7, the program is executed for controlling the 
plurality of HDD's 1-6. The program is operated by the 



use of the local memory, respectively. In order to 
carry out processing in cooperation of the plurality of 
channel adapters 1-3 with the plurality of disk 
adapters 1-7, control information which must be shared 
with one another is put in the shared memory 1-10. It 
is possible for the microprocessor 1-12 on each of the 
channel adapter 1-3 and the microprocessor 1-14 on each 
of the disk adapter 1-7 to access the control informa- 
tion in the shared memory through the interconnection 
portion 1-9. 

The cache memory 1-11 serves to temporarily 
store data which the host computer 1-2 may access. As 
the cache memory 1-11 can access data at a faster rate 
than HDD 1-6, the cache memory 1-11 contributes to 
improvement in the access performance (particularly 
responsibility to commands) of the storage control 
device . 

The left hand of FIG. 2 is a view explaining 
the storage control device 1-1 described in FIG. 1 from 
the viewpoint of its physical configuration (a 
simplified view of FIG. 1) . In contrast herewith, the 
right hand of FIG. 2 is a view explaining the storage 
control device 1-1 from the viewpoint of its logical 
configuration. FIG. 2 is a view for explaining a 
mapping between the physical configuration and the 
logical configuration . 

A few of HDD's among the plurality of HDD's 
2-6 are assembled to form an Error Check and Correction 



group (ECC group) 2-12. The ECC group is constituted 
as redundant array of independent disks (RAID) and 
protects data memorized from single-point fault of HDD 
in the ECC group. 

The storage region formed by the ECC group is 
divided into one or plural regions to produce internal 
logic volumes. In the example shown in FIG. 2, one ECC 
group 2-12 is divided into two regions to produce two 
internal logical volumes 2-13 and 2-14. The internal 
logical volumes 2-13 and 2-14 are logical volumes 
provided by the program executed in the microprocessor 
(1-14 in FIG. 1, not shown in FIG. 2) in the disk 
adapter 2-7. 

In order that the host computer 2-2 reads and 
writes data out and on the storage control device 2-1, 
it is required that the host computer 2-2 has 
recognized the host logical volumes 2-15 and 2-16 
provided by the storage control device 2-1. 

The host logical volumes 2-15 and 2-16 are 
logical programs which are provided to the host com- 
puter 2-1 by programs executed in the microprocessors 
(1-12 in FIG. 1, not shown in FIG. 2) in the channel 
adapters 2-3. For example, fiber channels and Logical 
Units (LU) in SCSI may map to the host logical volumes. 

The host logical volumes 2-15 and 2-16 
themselves are imaginary ones not having actual memory 
regions. The host logical volumes and the internal 
logical volumes map to one to one, respectively. The 



host logical volume 2-15 maps to the internal logical 
volume 2-13 having an actual memory region for 
"memorizing data, while host logical volume 2-16 maps to 
the internal logical volume 2-14 , respectively. 

The mapping of the host logical volume and 
internal logical volume is stored as a configuration 
information in the shared memory 2-10 and controlled by 
the program executed in the microprocessor (1-12 in 
FIG. 1, not shown in FIG . 2) in the channel adapter 2- 
3. 

The data written from the host computer onto 
the host logical volume are written onto the internal 
logical volume having the actual memory region 
according to the mapping between the host logical 
volume and the internal logical volume. Namely, for 
example, the data that the host computer 2-2 wrote on 
the top logical block of the host logical volume 2-15 
through the port 2-17 are actually written on the top 
logical block of the internal logical volume 2-13. 
Similarly, for example, the data that the host computer 
2-2 wrote on the 100th logical block from the top of 
the host logical volume 2-16 are actually written on 
the 100th logical block from the top of the internal 
logical volume 2-14. 

FIG. 3 is a view newly drawn by further 
adding the details to the logical configuration of the 
storage control device explained in connection with the 
right hand of FIG. 2 for disclosing the present 



invention . 

The storage control device 3-1 includes three 
ECC groups 3-3 to 3-5. In the memory region formed by 
the three ECC groups 3-3 to 3-5, four internal logical 
volumes 3-6 to 3-9 are formed. The internal logical 
volume 3-6 exists in the ECC group 3-3, the internal 
logical volume 3-7 in the ECC group 3-4, and the 
internal logical volumes 3-8 and 3-9 in the ECC group 
3-5 , respectively . 

The storage control device 3-1 has two kinds 
of host logical volumes. The host logical volume (for 
data) of the one kind is used to store the data that 
are recognized by the host computer 3-2 and to be used 
by the application program 3-12 in the host computer 3- 
2. The host logical value (for control) of the other 
kind will be explained later. A plurality of the host 
logical volumes (for data) and a plurality of the host 
logical volumes (for control) can exist in the storage 
control device 3-1, respectively. FIG. 3 illustrates 
the host logical volume (for data) 3-10 and host 
logical volume (for control) 3-11 as representative of 
these volumes. 

In FIG. 3, there are four internal logical 
volumes 3-6 to 3-9 for one host logical volume (for 
data) 3-10. A mapping change portion 3-13 is provided 
between the host logical volume (for data) 3-10 and the 
four internal logical volumes 3-6 to 3-9. The mapping 
change portion 3-13 serves to change the mapping 
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between the host logical volume (for data) 3-10 and the 
internal logical volumes 3-6 to 3-9 according to the 
indication from a mapping change and power control 
portion 3-14. 

The mapping between the host logical volume 
and the internal logical volume is controlled by a 
program executed by the microprocessors in the channel 
adapters. Therefore, both the mapping change portion 
3-13 and the mapping change and power control portion 
3-14 are realized by this program. 

For example, when the host logical volume 
(for data) 3-10 is in the mapping relation to the 
internal logical volume 3-6, the data written on the 
top logical block of the host logical volume (for data) 
from the host computer 3-2 through the port 3-15 are in 
fact written on the top logical block of the internal 
logical volume 3-6. 

Similarly, for example, when the host logical 
volume (for data) 3-10 is in the mapping relation to 
the internal logical volume 3-9, the data written on 
the top logical block of the host logical volume (for 
data) from the host computer 3-2 through the port 3-15 
are written on the top logical block of the internal 
logical volume 3-9. 

A configuration information 3-17 holding the 
logical configuration of the storage control device is 
memorized in part of the shared memory 3-16 in the 
storage control device 3-1. The configuration 
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information includes a table for holding the mapping of 
the numbers of the host logical volumes and the numbers 
of the internal logical volumes in mapping relation to 
the host logical volumes as exemplarily shown in FIG. 4 
and a table for holding the numbers of ECC groups and 
the numbers of the internal logical volumes included in 
the ECC groups as exemplarily shown in FIG. 5. 

The change mapping between the host logical 
volume and the internal logical volume in the storage 
control device will be then explained in connection 
with the indication from the host computer 3-2. There 
are two methods for changing the mapping between the 
host logical volume and the internal . logical volume. 

One method is carried out by the indication 
issued from the application program 3-1 in the host 
computer 3-2 . 

This method includes roughly two steps. 

In the step 1, the application program takes, 
from the configuration information 3-17 in the storage 
control device 3-1, the information of 1) configuration 
of the host logical volumes, 2) configuration of the 
internal logical volumes and 3) mapping between the 
host logical volume and the internal logical volume. 

This step 1 is carried out by the application 
program if required. For example, the step 1 is 
performed when the application program 3-12 is started 
or by an evident indication effected when an operator 
of the application program 3-12 knows a variation of 



the physical or logical configuration of the storage 
control device 3-1. 

In the step 2, the application program 3-12 
performs the change mapping between the host logical 
volume and the internal logical volume on the basis of 
the configuration information of the storage control 
device 3-1 taken in the application program 3-12 in the 
step 1. The step 2 is also carried out by the 
application program 3-12 if required. 

First, the operation of the step 1 will be 

explained. 

An application program interface (API) 3-18 
is called in order that the application program 3-12 to 
be executed in the host computer 3-2 takes the 
configuration information 3-17 which the storage 
control device 3-1 has. The API 3-18 is provided by a 
control program 3-19 which is also executed in the host 
computer 3-2. The control program 3-19 is a program 
having a function issuing an indication to the 
configuration information reading portion 3-20 for 
reading out configuration information 3-17 and a 
function issuing an indication to the mapping change 
and power control portion 3-14 for changing the mapping 
between the host logical volume and the internal 
logical volume. 

The control program 3-19 can access another 
kind of host logical volume (for control) 3-11 (to be 
explained later) in the storage control device 3-1 



through the HBA 3-21 and the port 3-15. This host 
logical volume (for control) 3-11 does not store the 
data of the application program but is used to control 
the storage control device 3-1. The term "control" is 
here understood as signifying the function for reading 
out the configuration information 3-17 and the function 
for changing the mapping between the host logical 
volume and the internal logical volume. 

The interior of the host logical volume (for 
control) 3-11 is divided in plurality of regions. A 
particular function is determined with respect to each 
region. For example, the region 3-22 is used for 
reading out the configuration information 3-17. When 
the logical block assigned in the region 3-22 is read 
out by the host computer 3-2, in concrete terms, by the 
control program 3-19, the configuration information 3- 
17 is included in the block. 

For example, moreover, the region 3-23 is 
used for the function for changing the mapping between 
the host logical volume and the internal logical 
volume, so that the mapping between the host logical 
volume and the internal logical volume can been changed 
when the control program 3-19 writes a required 
information on the logical block assigned in the region 
3-23. (This procedure will be explained in connection 
with the step 2 later.) 

Details of processing effected by the 
operations in step 1 will be disclosed herein. 



The application program 3-12 to be executed 
in the host computer 3-2 calls out the API 3-18 for 
reading out the configuration information 3-17 of the 
storage control device 3-1 (3-24) . 

Similarly, the control program 3-19 to be 
executed in the host computer 3-2 recognizes the 
indication for reading out of the configuration 
information 3-17 by the fact that the API 3-18 is 
called. Then, the program 3-19 issues, to the host 
logical volume (for control) 3-11, a command for 
reading out the region 3-22 to be used for the function 
for reading out the configuration information 3-17 in 
the host logical volume (for control) 3-11 through the 
HBA 3-21 and the port 3-15 (3-25) . 

The command received on the side of the 
channel adapters is processed by the program executed 
by the microprocessor in the channel adapter. 

The program is operated on the basis of the 
flow chart as shown in FIG. 6 every time the command is 
received from the host computer 3-2. First, th r e 

i 

reception of the command is detected (6-1) . 

Then, the program checks the kind of the host 
logical volumes (for control or for data) (6-2) . This 
can be effected by examining the configuration 
information of the host logical volume held in the 
configuration information 3-17 by the use of the number 
of the host logical volume contained in the command. 

As a result, the program can identify whether 
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the relevant host logical volume is for control or data 
(6-3) . As the command has been issued for the host 
logical volume (for control) 3-11 in the step 1, the 
host logical volume is judged it to be for control. 
5 Thereafter, the program checks the kind 

(reading, writing or others) of the command (6-4) . 
This is effected by checking command codes included in 
the command. 

As a result, the program can identify the 
10 kind of command (reading, writing or others) (6-5) . As 
the command has been issued for reading the region 3-22 
in the host logical volume (for control) 3-11 in the 
step 1, the kind of the command is judged to be 
"reading" . 

15 Then, the program checks which region in the 

relevant host logical volume (for control) 3-11 (6-6) 
should be read out. This is effected by checking the 
numbers of the logical block contained in the command. 
As the result, the program can know the 

20 processing to be effected (6-7) . As the region 3-22 

assigned for reading performance for the configuration 
information 3-17 is designated in the step 1, the 
processing to be effected is judged to be "reading of 
the configuration information 3-17". Then, the program 

25 performs the configuration information reading 
processing 6-8. 

The configuration information reading 
processing 6-8 is effected by the configuration 



information reading portion 3-20 which is part of the 
program executed by the microprocessor in the channel 
adapter . 

The configuration information reading portion 
3-20 reads the configuration information 3-17 held in 
the shared memory 3-16 (3-26) . 

The configuration information reading portion 
3-20 sends the read configuration information 3-17, as 
a response to the command for reading the region 3-22 
(3-27), to the control program 3-19 through the path 
through which the command has been issued. 

The control program 3-19 sends the 
configuration information 3-17 obtained from the 
interior of the storage control device 3-1 to the 
application program 3-12 which has called the API 3-18 
for reading the configuration information 3-17 (3-28) . 

In this manner, the application program 3-12 
obtains the configuration information 3-17 in the 
storage control device 3-1 described above, whereby the 
application program 3-12 can know 1) the configuration 
of the host logical volume, 2) the configuration of the 
internal logical volume, and 3) the mapping between the 
host logical volume and the internal logical volume. 

Details of processing effected by the 
operation in step 2 will be disclosed herein. 

The application program 7-12 to be executed 
in the host computer 7-2 calls out the API 7-18 for 
changing the mapping between the host logical volume 



and the internal logical volume in the storage control 
device 7-1 (7-24) . 

Similarly, the control program 7-19 to be 
executed in the host computer 7-2 recognizes the 
indication for changing the mapping between the host 
logical volume and the internal logical volume by the 
fact that the API 7-18 has been called. The control 
program 7-19 sends a command for writing information ' 
required for changing the mapping between the host 
logical volume and the internal logical volume (the 
number of the host logical volume to be changed and the 
number of the internal logical volume to be newly 
mapped thereto) to the region 7-22 which is in the host 
logical volume (for control) 7-11 and to be used for 
the change mapping between the host logical volume and 
the internal logical volume. This command is sent 
through the HBA 7-21 and the port 7-15 to the host 
logical volume (for control) 7-11 (7-25) . 

The command received on the side of the 
channel adapters is processed by the program executed 
by the microprocessor in the channel adapter. 

As described above, the program is operated 
on the basis of the flow chart as shown in FIG. 6 every 
time the command is received from the host computer 7- 
2. First, the reception of the command is detected (6- 
1) . 

Then, the program checks the kind of the host 
logical volume (for control or for data) (6-2) . This 



can be effected by examining the configuration 
information of the host logical volume held in the 
configuration information 3-17 by the use of the number 
of the host logical volume contained in the command. 

As a result, the program can identify whether 
the relevant host logical volume is for control or data 
(6-3). As the command has been issued for the host 
logical volume (for control) 3-11 in the step 2, the 
host logical volume is judged to be for control. 

Thereafter, the program checks the kind 
(reading, writing or others) of the command (6-4) . 
This is effected by checking command codes included in 
the command. 

As a result, the program can identify the 
kind of command (reading, writing or others) (6-5). As 
the command for writing on the region 7-22 in the host 
logical volume (for control) 7-11 has been issued in 
the step 2, the kind of the command is judged to be 
"writing" . 

Then, the program checks on which region in 
the relevant host logical volume (for control) 7-11 
should be written (6-9) . This is effected by checking 
the numbers of the logical block contained in the 
command . 

As a result of this, the program knows the 
processing to be performed (6-10) . In the step 2, as 
the region 7-23 is designated as a region assigned for 
the function for changing the mapping between the host 



logical volume and the internal logical volume, the 
processing to be performed is judged to be the change 
mapping between the host logical volume and the 
internal logical volume. Then, the program carries out 
the processing 6-11 for changing the mapping between 
the host logical volume and the inner logical volume. 

The processing 6-11 for changing the mapping 
between the host logical volume and the internal 
logical volume is carried out by a mapping change 
control and power control portion 7-14 which is part of 
the program to be executed by the microprocessor in the 
channel adapter. 

The mapping change control and power control 
portion 7-14 carries out the processing for changing 
the mapping between the host logical volume and the 
internal logical volume on the basis of a flow chart as 
shown in FIG. 8. 

A processing performed at the beginning is 
the examination of the information written on the 
region 23 (the number of the host logical volume to 
change its mapping and the number of the internal 
logical volume to be newly mapped thereto) (8-1) . 

Next, carried out is to check whether there 
is (are) other internal logical volume (s) mapped to 
other host logical volume (s) in the ECC group including 
the internal logical volume mapped to the host logical 
volume designated in the region 7-23 (8-2) . This 
examination is effected by retrieving a table holding 



the numbers of the ECC groups exemplarily shown in FIG. 
5 and the numbers of the internal logical volumes 
included in the respective relevant ECC groups. 

When it is judged that there is no other 
internal logical volume as a result of the retrieval of 
the tables exemplarily shown in FIG . 5, the program 
causes the host logical volume designated in the region 
7-23 to stop a spindle motor of the HDD belonging to 
the ECC group including the internal logical volume 
presently in the mapping relation (8-3) . This is 
effected by a command for stopping the spindle motor, 
which is sent from the program to be executed in the 
microprocessor in the channel adapter to the HDD 
belonging to the relevant ECC group (7-26) . Explaining 
the command for stopping the spindle motor with 
reference to FIG. 2, the command is sent from the port 
2-8 of the disk adapter 2-7 through the FC-A1 of fiber 
channel connecting the HDD 2-6, or fabric or parallel 
SCSI or ATA, S-ATA or the like. 

There is a rotating time of the spindle motor 
as an element for determining MTBF which is a parameter 
of reliability of the HDD. As disclosed in the present 
invention, the time presumed from the MTBF till fault 
occurs can be prolonged by stopping the spindle motor. 
As it has been known that there is no host logical 
volume mapped to the internal logical volume in the 
relevant ECC group, it can be regarded that there is no 
access from the host computer and therefore if the 



spindle motor of the HDD belonging to the relevant ECC 
group is stopped, the host computer can be operated 
without any problem. 

A configuration as shown in FIG. 9 is used to 
hold the numbers of the ECC groups having the HDD of 
which spindle motor is rotating and the numbers of the 
internal logical volumes provided by its ECC groups. 
It may be regarded that there is HDD having a rotating 
spindle motor in the ECC group having the configuration 
coupled at a pointer, and number held in the 
configuration . 

The configuration exemplarily as shown in 
FIG. 9 is held as one of the configuration information 
7-17 in the shared memory 7-16. 

The processing to be carried out next by the 
program is to remove the information concerning the ECC 
group, to which the HDD having the stopped spindle 
motor belongs, from the configuration existing in the 
configuration information 7-17 as shown in FIG. 9. 
Therefore, the processing to be carried out by the 
program is to change state of the HDDs of ECC including 
relevant internal logical volume as "STOPPED" or to 
update the configuration information 7-17 so that there 
is no HDD having a rotating spindle motor, as a result 
of the above removal of the information (8-4) . 

The configuration indicating the internal 
logical volume currently mapped to the host logical 
volume designated in the region 7-23 is the 



configuration 9-1 in FIG . 9. And the configuration 
indicating the ECC group to which the internal logical 
volume belongs is the configuration 9-2. 

Therefore, in order to update the 
configuration as exemplarily illustrated in FIG. 9 by 
the program, removed is the information concerning the 
ECC group to which the HDD belongs, in which HDD the 
spindle motor has been stopped. In other words, the 
portion 9-3 surrounded by dotted lines is removed. 
This is concretely effected by replacing pointers by 
new one by the program. (The pointers 9-4 and 9-5 are 
removed and the pointer 9-6 is newly set.) 

In this manner, the information concerning 
the ECC group containing the internal logical volume 
currently mapped to the host logical volume designated 
in the region 7-23 is removed resulting in the state 
that in the relevant ECC, there is no HDD in which a 
rotating spindle motor has been stopped. 

Then, the program checks whether the spindle 
motor is rotating, which is of the HDD in the ECC group 
including the internal logical volume designated to be 
newly mapped to the host logical volume designated in 
the region 7-23 (8-5) . This is effected by retrieving 
the configuration as exemplarily shown in FIG. 10 (the 
same configuration in FIG. 9, although being divided 
for convenience of explanation) included in the 
configuration 7-17. If the number of the relevant ECC 
group is found in the configuration exemplarily shown 



in FIG. 10, the spindle motor of the HDD in the ECC 
group is rotating. 

If it is judged that the spindle motor of the 
HDD is not rotating, whose HDD is in the ECC group 
containing the internal logical volume designated to be 
newly mapped to the host logical volume designated in 
the region 7-23, the program causes to rotate the 
spindle motor of the HDD belonging to the ECC including 
the internal logical volume now mapped to the host 
logical volume designated in the region 7-23 (8-6) . 

In the similar manner to the stoppage of the 
spindle motor of the HDD described above, this is 
effected by sending a command for rotating the spindle 
motor from the program to be executed in the 
microprocessor in the channel adapter to the HDD 
belonging to the relevant ECC group (7-26) . Explaining 
the command for stopping the spindle motor with 
reference to FIG. 2, the command is sent from the port 
2-8 of the disk adapter 2-7 through the FC-AL of fiber 
channel connecting the HDD 2-6, fabric or parallel 
SCSI, or ATA, SATA or the like. 

The next processing to be effected by the 
program is to add the information concerning the ECC 
group to which the HDD belongs, whose spindle motor has 
been rotated, from the configuration in the configura- 
tion information 7-17 as exemplarily shown in FIG. 10 
to change state of the HDDs in ECC including designated 
internal logical volume as "ROTATING" or to update the 



configuration information 7-17 in a manner that there 
is the HDD having the rotating spindle motor in the 
relevant ECC group (8-7) . 

If the portion 10-1 surrounded by dotted 
lines in FIG. 10 is the configuration illustrating the 
ECC group of which spindle motor is newly rotated and 
the internal logical volume newly designated . to be 
mapped to the host logical volume designated in the 
region 7-23, the program deletes the present pointer 
10-2 and newly sets pointers 10-3 and 10-4. 

In this manner, the portion surrounded by the 
dotted lines is incorporated in the configuration, 
holding the number of the ECC group having the HDD in 
which the spindle motor is rotating as exemplarily 
shown in FIG. 10 and the number of the internal logical 
volume provided by its ECC group so that thereafter it 
is regarded that the spindle motor of the HDD in the 
relevant ECC group is rotating. 

Then, the next processing to be effected by 
the program is to bring the internal logical volume 
designated in the region 7-23 into the mapping relation 
to the host logical volume designated in the region 7- 
23 in the change-over portion 7-13 (7-28) . 

This is effected by updating configuration 
information to map the designated internal logical 
volumes to designated host logical volume newly or by 
updating the table for holding mapping of the number of 
the host logical volume and the number of the internal 
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logical volume mapped to the host logical volume as 
exemplarily shown in FIG. 4 (8-8). 

As disclosed in detail described above, the 
configuration of the host logical volume and the 
mapping of the internal logical volume are modified 
without varying the configuration of the host logical 
volume recognized by the host computer at all. This 
process makes it possible to access a plurality of 
(internal) logical volumes different in content from 
the side of the host computer through the host logical 
volume having the same identifier without any operation 
for again recognizing the host logical volume on the 
side of the host computer. 

In the second method, instead of the 
application program 3-12 in the host computer 3-2, an 
operator of the host computer 3-2 directly operates the 
User Interface (UI) 3-29 of the control program 3-19 to 
change the mapping between the host logical volume and 
the internal logical volume. 

The operator of the host computer 3-2 can 
designate the information which was given through the 
API 3-18 by the application program, that is, 1) the 
number of the host logical volume as an object to be 
changed, and 2) the number of the internal logical 
volume to be newly into mapped thereto. 

Moreover, the operator of the host computer 
3-2 can obtain, through the UI 3-29, the information 
which was obtained by the application program through 
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the API 3-18, that is, 1) the configuration of the host 
logical volume, 2) the configuration of the internal 
logical volume, and 3) the mapping between the host 
logical volume and the internal logical volume. 

In the second method, the operation for the 
control program 3-19 is only changed from the API 3-18 
to the UI 3-29, but the interface between the control 
program 3-19 and the host logical volume (for control) 
3-11 is exactly the same. Therefore, the same are the 
operation for obtaining the configuration information 
3-17 in the storage control device 3-1 in the step 1 
disclosed above, the operation of the program in the 
channel adapters in the storage control device 3-1 for 
changing the mapping between the host logical volume 
and the internal logical volume in step 2, and the 
operation of the program in the disk adapter. 

The second embodiment will then be explained. 
There are two different features from the 
embodiment already explained. 

The first different feature of the present 
embodiment is no use of the host logical volume (for 
control) 7-11 as in FIG. 7. Instead of the host 
logical volume (for control) 7-11, API for control 11- 
11 provided in the storage control device is used. The 
API for control 11-11 is provided by the program 
equipped in the storage control device 11-1. This 
program is operated in 1) the channel adapter equipped 
in the storage control device 11-1 or 2) service 



processor equipped in the storage control device 11-1. 

The second difference of the present 
embodiment concerns with the transfer path of control 
information between the storage control device 11-1 and 
the host computer 11-2. In the embodiment already 
explained, the control program 7-19 carries out the 
reading the configuration information and writing the 
control information with respect to the host logical 
volume (for control) through the HBA 7-21 and the port 
7-15. On the other hand, in the second embodiment, the 
control program 11-19 calls the control API 11-11 
through the network interface card (NIC) 11-24 and the 
port 11-25 on the side of the storage control device 
11-1 instead of the HBA 11-21 to carry out the reading 
of the configuration information and writing of the 
control information . 

Although there are two differences described 
above, the basic processes of the reading out of the 
structural information 11-20 and the change mapping 
between the host logical volume and the internal 
logical volume are substantially similar to those in 
the embodiment already explained. 

Next, the third embodiment will be disclosed. 

In the embodiments already explained, a 
plurality of the HDD are divided into the ECC groups as 
shown at ECC group 2-12 in FIG. 2 and the memory 
regions made by the ECC groups are divided into one or 
plural regions to form the internal logical volumes, 
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and the internal logical volumes are brought into 
mapping relation to the host logical volume. In the 
present embodiment, one HDD is used instead of the ECC 
groups without using the internal logical volumes 
provided by the ECC groups. The memory region made by 
the one HDD is divided into one or plural regions to 
form internal logical volumes which are then brought 
into the mapping relation to the host logical volume. 

The third embodiment is substantially similar 
to the embodiments already explained with the exception 
that one HDD is used instead of the ECC groups. 

In either case, the storage control device 
for storing data to be processed by the host computer 
is effective in utilizing the device for back-up and 
restoring of data or in utilizing as the archive. 

Although the configuration of carrying out 
the present invention is explained using the HDD having 
the S-ATA as interconnection interface, it is to be 
understood that the invention is not limited to such a 
configuration and may be applicable to storage control 
devices utilizing other HDD's. 

While the invention has been explained with 
reference to embodiments thereof which are intended to 
make the invention be easily understood and not to 
limit the invention. The invention can be modified and 
improved without departing from the spirit and scope of 
the invention and includes equivalents and the like in 
its scope. 



